We perform a study of the doubly virtual Compton scattering off a spinless target γ * P → γ * P ′ within the Anti-de Sitter(AdS)/QCD formalism. We find that the general structure allowed by the Lorentz invariance and gauge invariance of the Compton amplitude is not easily reproduced with the standard recipes of the AdS/QCD correspondence. In the soft-photon regime, where the semi-classical approximation is supposed to apply best, we show that the measurements of the electric and magnetic polarizabilities of a target like the charged pion in real Compton scattering, can already serve as stringent tests, and presumably exclude results based on the AdS/QCD correspondence in its minimal version.
Introduction
The AdS/CFT correspondence [1] postulates a relation [2, 3] between weakly coupled string theories living in the bulk of an anti-de Sitter (AdS) space and strongly coupled conformally invariant field theories defined on its boundary, based on the formal identification of the conformal group of the 4-d Minkowski space and of the isometry group of AdS 5 . The efforts within the so-called AdS/QCD approach rely on the assumption that the AdS/CFT dictionary can still describe the strong coupling regime of a confining gauge theory like QCD, despite the breaking of conformal invariance by radiative corrections.
We here report on recent results obtained in the study of the Virtual Compton scattering off a spinless target [4] . We show that the obtained amplitude does not satisfy the expected scaling for large photon virtualities. At low energy, the obtained electric and magnetic polarizabilities vanish, in contradiction with the latest experimental results.
Gauge/Gravity duality
The AdS/CFT correspondence conjectures a relation between a IIB string theory compactified on AdS 5 ×S 5 and a N = 4 super-Yang-Mills theory. The operator in CFT O( x) creating asymptotic states is coupled to the source φ 0 ( x), which is the boundary value of the bulk field φ ( x, z) 1 . Both generating functions in CFT and AdS are related through:
The 5d metric with Lorentz group SO(1, 3) as isometry subgroup reads (with η =diag(−1, 1, 1, 1, 1))
In the AdS 5 metric, a(z) = R/z (negative curvature, corresponding to a negative cosmological constant), √ −g = R 5 /z 5 (R = 1 from now on). The UV limit z → z min is the CFT boundary. The field content is made of a 5d vector U (1) field A m (x, z), dual to the electromagnetic current, and a 5d massive scalar field Φ(x, z) dual to an operator creating the spinless target.
In the large N and large 't Hooft coupling λ = g 2 Y M N limit, the IIB string theory reduces to a IIB SUGRA theory in 10 dimensions, when
, R being the AdS 5 and S 5 radius and l s the string length. In that limit g s ≪ 1 and R ≫ l s the string theory reduces to classical SUGRA with decoupling of massive string excitations.
The conformal invariance breaking due to QCD confinement can be introduced by an IR cutoff at z = 1/Λ [5] ("hard-wall" model) or by a background dilaton field χ [6] ("soft-wall" model), used here 2 . The action for Φ in this χ background reads
The classical free field equation exhibits plane-wave solutions in 4d space:
where {Φ n (z) , n ∈ N} is a complete set of Kaluza-Klein (KK) solutions. The Fourier transform of the obtained Green function is a bulk to bulk propagator with an explicit Källen-Lehman spectral representation when summing over the KK excitations:
The action of a classical solution leaves only the boundary term. The classical partition function
combined with the holographic identification of two-point functions from AdS to CFT leads to
From a minimal extension of the action (2.3) though a dynamical U (1) bulk field coupled to Φ
with D n Φ = ∂ n Φ − ieA n Φ, the n−point correlation functions are obtained by the correspondence
where c,c, n +n are 4d sources for QCD which appear as boundary conditions for the 5d bulk fields. Correlation functions of QCD operators are obtained by an expansion to linear-order with respect to the sources. QCD operators are coupled to asymptotic states which are boundary conditions of normalizable bulk fields Φ (0) , Φ * (0) (scalar probe). The electromagnetic current is dual to a massless non-normalizable 5d vector field A m (x, z) which satisfies Maxwell equation ∂ m (z −1 F mn ) = 0 , ∀n .
Plane-wave solutions read (with the condition lim z→0
A(z) = 1)
Evaluating the γ ( * ) A → γ ( * ) A ′ Compton scattering amplitude on a spinless, or spin-averaged target requires to study a 4-point function, the first non-trivial correlator involving the propagation inside the bulk 3 . Based on (2.6), one should extract the coefficient ofc n µnν c . This is done by solving iteratively the coupled classical equations in terms of the free bulk fields A (0) , Φ * (0) , Φ (0) . One then deduces the classical action, up to e 2 . The boundary condition at z = 0 for A (0) , Φ * (0) , Φ (0) are n µ +n µ , c, andc , which enter in a linear way in these free fields: thecn µnν c and 
Compton scattering off an unpolarized target
Choosing q 1 , q 2 and p = p 1 + p 2 as the three independent momenta, the 10 independent parityconserving tensors of rank 2 reduce to 5 after implementing the electromagnetic gauge invariance:
The DVCS amplitude reduces to the Virtual Compton Scattering amplitude (VCS) when the produced photon is real, and is expressed in terms of 3 independent form factors. When additionally the incoming photon is real, the Real Compton Scattering amplitude depends only of 2 form factors.
One can now rely on the AdS/QCD correspondence to evaluate these amplitudes. In the onshell limit (p 2 1 = p 2 2 = −m 2 ), the gauge-invariant amplitude (3.1) reduces to 2) and is thus expressed in terms of only 3 Compton form factor out of a possible 5. The form factors F 1 (m 2 , q 2 1 , q 2 2 , k 2 ) and C 1 (m 2 , q 2 1 , q 2 2 ) obtained from the AdS/QCD correspondence read (similar results were obtained within the hard wall model in Ref. [10] )
The F 1 form factor has a natural Källen-Lehman spectral representation 
